1. Liver tryptophan pyrrolase exists as holoenzyme and apoenzyme in rat, mouse, pig, turkey, chicken and possibly man. 2. The apoenzyme is absent from cat, frog, gerbil, guinea pig, hamster, ox, sheep and rabbit. 3. The hormonal mechanism ofinduction ofthe pyrrolase is absent from species lacking the apoenzyme. 4. The concentrations of tryptophan in livers and sera of these species are lower than in species possessing the apoenzyme. 5. Species lacking the apoenzyme or the hormonal induction mechanism have a deficient kynurenine pathway and are sensitive to the toxicity of tryptophan. 6. It is suggested that these species are not suitable as models for studying human tryptophan metabolism. 7. The possible significance of these findings in relation to veterinary and human neonatal care is discussed.
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Tryptophan pyrrolase [L-tryptophan-oxygen 2,3-oxidoreductase (decyclizing), EC 1.13.11.11] is the haem-dependent liver cytosol enzyme that catalyses the conversion of L-tryptophan into formylkynurenine. This reaction represents the first and ratelimiting step in the quantitatively most important (kynurenine-nicotinic acid) pathway of tryptophan degradation in the rat. The pyrrolase has been most extensively studied in rat liver, where at least two types of activity exist. The already active reduced holoenzyme does not require the addition of exogenous haematin for demonstration of its activity in vitro (Feigelson & Greengard, 1961) , whereas the haemfree predominant form or apoenzyme does. By using the catalytic property of the rat liver enzyme, labelled amino acid incorporation into its purified protein and immunological titration techniques (Schimke et al., 1965; Knox, 1966; Schimlke, 1969) , it has been possible clearly and conclusively to distinguish two mechanisms by which the pyrrolase activity is regulated. Glucocorticoids cause a hormonal-type induction involving the synthesis of new apoenzyme, whereas tryptophan produces a substrate-type enhancement consisting of decreased degradation of pre-existing apoenzyme in the presence of the normal rate of its synthesis. Rat liver tryptophan pyrrolase is also regulated by its cofactor haem and by NAD(P)H (Badawy & Evans, 1975c , 1976 .
In an investigation of the substrate and hormonal mechanisms, Knox (1966) reported that adrenalectomized rats did not survive repeated injections of tryptophan, and suggested that in the absence of adrenocorticosteroid-mediated apo-(tryptophan pyrrolase) synthesis, the enzyme in livers of adrenalectomized rats cannot cope with the excess of tryptophan, which is then metabolized by other pathways, Vol. 158 the products of which are toxic. In support of this suggestion, Knox (1966) found that treatment of adrenalectomized rats with a single dose of cortisol protects against death from repeated injections of tryptophan. That at least one of the metabolites of tryptophan responsible for the toxicity is 5-hydroxytryptamine is suggested by the finding (Horita & Carino, 1970) that the toxicity of a large dose of the amino acid (as assessed in terms of the number of deaths) is increased by pretreatment of intact rats with the monoamine oxidase inhibitor pargyline, whereas pretreatment with the tryptophan hydroxylase inhibitor p-chlorophenylalanine decreases the toxicity in rats given tryptophan plus pargyline.
Death from repeated doses of tryptophan has also been reported in the intact guinea pig (Hvitfelt & Santti, 1972) , channel (American) catfish, Ictalurus punctatus (Brown & Dodgen, 1968) and bovine (steer) (Johnson & Dyer, 1966) . The Mongolian gerbil (Meriones unguiculatus) survives for at least 4h after a single dose of tryptophan, but shows signs of poisoning during this period (Baughman & Franz, 1971) . A feature common to all these tryptophan-sensitive species [and also frog, Rana pipiens (Spiegel, 1961) and cat (Leklem et al., 1969) ] is the absence of the hormonal induction mechanism. In addition, it has been reported (Hvitfelt & Santti, 1972; Badawy & Evans, 1974 ) that guinea-pig liver tryptophan pyrrolase exists only as holoenzyme, with no detectable apoenzyme activity. By contrast, human liver tryptophan pyrrolase most likely exists in both forms and can be induced by cortisol administration (Altman & Greengard, 1966) , and man is able & Sourkes, 1974). The mouse occupies the other extreme position, because, although indirect evidence suggests that it possesses both forms ofthe pyrrolase, adrenalectomy is not associated with tryptophan toxicity (Monroe, 1968) .
Except for mouse, rat, guinea pig and man, there is little information on the form(s) of tryptophan pyrrolase in livers of various animal species, particularly those known to be sensitive to the toxicity of tryptophan. This information is desirable in the choice of animal models suitable for studying tryptophan metabolism (and particularly the relationship between tryptophan pyrrolase activity and brain 5-hydroxytryptamine concentration and/or indolylamine synthesis in general), in mood disorders, in drug-dependence and other psychological conditions. For example, unlike man (Hankes et al., 1967) , the bovine, with a low tryptophan pyrrolase activity (Carlson & Dyer, 1970 ) and a poor kynurenine pathway, metabolizes tryptophan largely via the indolylamine routes (Yang & Carlson, 1972) . Experiments were therefore designed to examine: (1) the form(s) of liver tryptophan pyrrolase in various animal species; (2) the relationship(s) between the apoenzyme, the hormonal induction mechanism and the toxicity of tryptophan; (3) the concentrations of tryptophan in liver and serum and the binding of tryptophan to serum proteins in relation to one or more of the above phenomena. The present paper describes and discusses the results ofthese experiments. The absence ofapo-(tryptophan pyrrolase) activity and the failure of chronic ethanol administration to inhibit the holoenzyme in livers of golden hamsters have been reported (Badawy & Evans, 1975b (Badawy & Evans, 1973 , 1975a .
Determination ofliver tryptophan pyrrolase activity
The activity of the enzyme was determined in liver homogenates by measuring the formation of kynurenine from L-tryptophan (Feigelson & Greengard, 1961) in either the absence (holoenzyme activity) or presence (total enzyme activity) of added haematin. The assay of the rat liver enzyme has previously been described in detail (see, e.g., Badawy & Evans, 1975c) . The same procedure was used to determine the enzyme activity in other animal species, except that in some cases a more concentrated homogenate (1 g liver wet wt. plus 2.75 ml of homogenizing medium) was used, and in species with liver wet weights of 1 g or less, the volume of the incubation mixture was scaled down by a half and/or livers from two or three animals were pooled for each assay. In species other than rat, mouse or pig, the E321 (for formylkynurenine) was also measured.
Determination of liver and serum tryptophan concentrations and tryptophan binding to serum proteins
The concentrations of liver, serum free (ultrafiltrable) and serum total (acid-soluble) tryptophan were essentially determined by a modification (Bloxam & Warren, 1974) of the method of Denckla & Dewey (1967) .
(a) Liver tryptophan. Liver (1 g) was homogenized in 7ml of ice-cold 12.5% (w/v) trichloroacetic acid. The homogenate was centrifuged at 3000g for 1976 10min after being left at room temperature (220C) for a similar time. Duplicate portions (0.2ml) of the supernatant were each mixed with 1.8ml of the 12.5% trichloroacetic acid in graduated (lOml) glass conical centrifuge tubes.
(b) Serum total tryptophan. Duplicate samples of xrum (0.05ml) were each mixed with 2.Oml of the 12.5% trichloroacetic acid. The mixture was centrifuged at 3000g for 10min after standing at room temperature for a similar time. The supernatant was then quantitatively decanted into assay tubes.
(c) Serumfree tryptophan. Serum (1.5, 1.0 or 0.5 ml, depending on species) was ultrafiltered on Centriflo CF-50A membrane cones (Amicon Ltd., High Wycombe, Bucks., U.K.) by centrifugation at 3000g for 3-7min at room temperature. Samples (0.1 or 0.2ml) of each ultrafiltrate were mixed with 1.9 or 1.8ml of the 12.5% trichloroacetic acid.
(d) Spectrofluorimetric determination. Each of the above extracts was treated with 0.2ml of 2% (w/v) formaldehyde, followed by O.1ml of 0.3mM-FeCl3 in 10% (w/v) trichloroacetic acid. After mixing, the tubes were covered with glass marbles and then placed in a boiling-water bath for 1 h. After cooling, the volume offluid in each tube (which was decreased by evaporation) was adjusted to the 2ml mark with 10% trichloroacetic acid and the solution was thoroughly mixed. Fluorescence was measured with an Aminco-Bowman spectrophotofluorimeter (uncorrected excitation and emission wavelengths were 373 and 452nm respectively). Test samples were read against similarly treated water blanks, and amounts were measured by reference to standard solutions containing known concentrations oftryptophan.
Results
Form(s) of tryptophan pyrrolase in various animal species Tryptophan pyrrolase activity was determined in liver homogenates ofvarious animal species (Table 1) . The holoenzyme (that measured in the absence of added haematin) was present in all species tested. The optimum concentration of haematin required to demonstrate the apoenzyme activity in rat liver homogenates is 2AM (Badawy & Smith, 1971) .
By using concentrations of haematin of 2-8juM, the apoenzyme activity was also demonstrated in liver homogenates from mice, pigs, chickens and turkeys. By constrast, there was no detectable apo-(tryptophan pyrrolase) activity in guinea pig, golden hamster, gerbil, cat, rabbit, frog, ox or sheep. No formylkynurenine accumulated during incubation of liver homogenates from these species, as there was no increase in the E321.
Properties ofgolden-hamster liver tryptophanpyrrolase
Golden-hamster liver tryptophan pyrrolase was then examined in some detail, since, as far as we could ascertain, it has not previously been studied, and also because it was of interest to determine whether the absence of the apoenzyme is associated with a lack of the hormonal induction mechanism. The hamster enzyme was assayed in the absence and in the presence of compounds known either to activate or to inhibit the rat liver enzyme in vitro (Table 2) . No activation of the hamster enzyme was produced by ascorbate, NADH or ethanol plus NAD+. Allopurinol, which inhibits the haematin activation of the apoenzyme of rat liver, did not alter the activity of the hamster enzyme whether the incubation mixture lacked or contained added haematin. Salicylate and 2,2'-bipyridyl, which have been shown to inhibit the rat liver holoenzyme activity (Badawy & Smith, 1971) , were also without effect on the golden-hamster enzyme. The inability of all the above agents to affect the hamster enzyme activity was not changed by the presence of added haematin.
The effects of various treatments in vivo on goldenhamster (and also frog) liver tryptophan pyrrolase activity are shown in Table 3 . The activity of the hamster enzyme was not altered at 4h after the administration of dimethylformamide, cortisol, salicylate, ethanol or 5-aminolaevulinate. There was no difference in activity in the absence or presence of added haematin. Only tryptophan increased the enzyme activity in hamster liver, by 3.4-fold. The combined injection of tryptophan plus cortisol gave results, with the hamster enzyme, similar to those observed after the administration oftryptophan alone. The frog liver enzyme activity was increased at 4h after the administration of tryptophan (by 3.5-fold), but was unaltered by treatment with cortisol.
The time-course of the tryptophan-induced rise in golden-hamster liver tryptophan pyrrolase activity is shown in Fig. 1 . As early as 30min after the injection of tryptophan (200mg/kg body wt.), there was a 150% (P< 0.005) increase in the enzyme activity. The activity continued to rise, reached a maximum (3.4 times the basal activity) at 4h and finally fell to normal at 6-7h. During the entire time-course of this enhancement, no further activation of the enzyme was observed when haematin was added to the incubation mixtures in vitro.
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The increase in the pyrrolase activity observed at 4h after administration of tryptophan was inhibited by 2, 38 and 86 % by pretreatment of golden hamsters with actinomycin D, cycloheximide or allopurinol respectively (Table 4) . Pretreatment with allopurinol also strongly (90%) inhibited the rise in the enzyme activity observed at 30min after tryptophan administration.
The early responses of rat, golden-hamster and frog liver tryptophan pyrrolases were compared at 30min after the injection of various doses of tryptophan (Fig. 2) . A 100mg/kg dose of tryptophan was sufficient to produce maximum or near-maximum increases (2.1-2.7-fold; P< 0.001) in the activity of the hamster, frog and also guinea pig (included for comparison; see Badawy & Evans, 1974) enzyme, whereas doses of up to 500mg/kg were without effect on the rat enzyme.
The addition of NAD+ (2mM) to guinea-pig liver homogenates or the administration of phenazine methosulphate (10mg/kg) to guinea pigs 1 h before death did not alter the holoenzyme activity (assayed in the absence of added haematin), and did not reveal any extra activity when haematin (2uM) was included in the incubation mixtures.
Toxicity oftryptophan in frogs andgolden hamsters
Four injections (at doses of tryptophan of 500mg/ kg each) were administered, at 2h intervals into 10 frogs and 10 golden hamsters. Similar numbers of animals of each species received equal volumes of 0.9% NaCl in similar regimens. Animals receiving the 0.9% NaCl did not die or show any signs of poisoning. Of the tryptophan-treated frogs, one died after two injections, another died after three injections and the remaining eight died after four injections (within 16h of the first injection). None of the tryptophan-treated hamsters died. All of them, however, showed signs of poisoning as early as 1h after the first injection. They experienced difficulty in walking, becoming limp and listless.
Liver and serum tryptophan concentrations and tryptophan binding to serum proteins in various animal species
The concentrations of tryptophan in livers and sera of various animal species are shown in Table 5 divided into two groups. In the first group (comprising rat, mouse, pig, turkey and chicken), the concentrations of liver, serum free and serum total tryptophan were, in general, higher than those in animals of the second group. Exceptions in these differences were: (1) the higher total tryptophan concentration in gerbil serum; (2) the high serum free tryptophan concentrations in frog, golden hamster and sheep. The mean liver tryptophan and serum free and total tryptophan concentrations in species of group 2 were 43-51 % lower (P = 0.005-0.001) than the corresponding values in animals of group 1. The frog was exceptional in having a very high (83 %) proportion of serum tryptophan in the free (ultrafiltrable) state. By omitting this value for the frog, there was no significant difference between the two groups of species in the proportion of serum tryptophan present in the free state (group 1: 15.79 ± 2.4%; group 2: 14.66±2.7%;P>0.10). Discussion Form(s) and properties of tryptophan pyrrolase in animal species Investigators of tryptophan pyrrolase had only measured the activity of the holoenzyme, until Feigelson & Greengard (1961) demonstrated the presence of the apoenzyme in homogenates of rat (Monroe, 1968) of the mouse liver apoenzyme by the use of globin to prevent its conjugation with haematin (Feigelson & Greengard, 1961) , most measurements of the pyrrolase activity in animal species have been carried out in either the absence (Spiegel, 1961; Johnson & Dyer, 1966; Calandra et al., 1972) or the presence (Brown & Dodgen, 1968; Leklem et al., 1969; Carlson & Dyer, 1970; Baughman & Franz, 1971; Green et al., 1975) (Madras & Sourkes, 1968; Badawy & Smith, 1971; Badawy & Evans, 1973 , 1975a . Table 1 shows such simultaneous measurements. The presence of the apoenzyme in rat liver is well known. The activation of the mouse liver enzyme by haematin in vitro provides a direct confirmation of previous indirect evidence (Monroe, 1968) suggesting the presence of the apoenzyme in this species. In addition to the rat and mouse, the apoenzyme is also present in the pig, turkey and chicken. By contrast, a larger number of animal species do not possess any detectable apo-(tryptophan pyrrolase) activity (Table 1) . These are the golden hamster, gerbil, rabbit, cat, frog, ox, sheep and guinea pig, which has previously been examined. The guinea-pig and rat liver enzymes have also been shown to differ in other respects. The former appears to be tightly bound to its haem activator (Hvitfelt & Santti, 1972) and does not respond to agents that activate or inhibit the rat liver enzyme in vitro (Badawy & Evans, 1974) . Lack of response to these agents is also observed with the golden-hamster enzyme (Table 2 ) and conclusions reached from experiments with the guinea pig also apply to this species.
An attempt has been made to test the possibility that the absence of the apoenzyme from guinea-pig liver is due to a permanent inhibition caused by the higher state of reduction of the NAD+ couple (Rawat, 1973) . NADH inhibits the activity of the purified rat liver enzyme (Cho-Chung & Pitot, 1967) , whereas in homogenates it exerts a biphasic effect; the initial stimulation (see, e.g., Table 2 ) is followed by inhibition (A. A.-B. Badawy, unpublished work).
It is also known (Badawy & Evans, 1975a , 1976 that the inhibition of the rat liver apoenzyme by the administration of agents that increase [NADH] is reversed by the addition of NAD+ in vitro or by the administration of phenazine methosulphate, which rapidly reoxidizes NADH (Katz & Wals, 1970) . Neither treatment causes any extra activity to appear when guinea-pig liver homogenates are incubated with or without added haematin (see the Vol. 158 text). This suggests that the apoenzyme is either permanently absent from this species, or, if present, cannot be demonstrated by such short-term treatments.
Regulation of tryptophan pyrrolase activity in various animal species and the relationship between the apoenzyme and the hormonal induction mechanism
The regulation of the enzyme activity has been most extensively studied in rat liver, where at least four mechanisms may be involved (see the introduction). As in the rat, the mouse liver enzyme responds to induction by cortisol and activation by tryptophan (Monroe, 1968) . In man, tryptophan has not been tested, but cortisol causes induction (Altman & Greengard, 1966) . By contrast, the administration of corticosteroids fails to enhance liver tryptophan pyrrolase activity in frog, Rana pipiens (Spiegel, 1961) , catfish (Brown & Dodgen, 1968) , cat (Leklem et al., 1969) , steer or calf (Carlson & Dyer, 1970) , gerbil (Baughman & Franz, 1971; Green et al., 1975) , guinea pig (Hvitfelt & Santti, 1972; Badawy & Evans, 1974) , frog, Rana temporaria, and golden hamster (Table 3) ; only a moderate response is observed in sheep (Carlson & Dyer, 1970) . Since these species (except possibly the catfish, which has not been tested) lack the apoenzyme (Table 1) , it may be concluded that the absence of apo-(tryptophan pyrrolase) is directly related to the absence of the hormonal induction mechanism.
Tryptophan, on the other hand, enhances the pyrrolase activity in these species, except the catfish (Brown & Dodgen, 1968) and steer (Carlson & Dyer, 1970) , although the latter species has been reported (Johnson & Dyer, 1966) to show inhibition at a later time-interval after tryptophan administration. The nature of the tryptophan enhancement of the pyrrolase activity in some of these species is different from that in the rat. Thus, although the overall period of enhancement is similar in rat (Badawy & Evans, 1975c) , guinea pig (Badawy & Evans, 1974) and golden hamster (Fig. 1) , the enzymes from the latter two species show a more rapid response to tryptophan. Also in agreement with studies in the guinea pig (Badawy & Evans, 1974) , the tryptophan activation of the hamster enzyme is not affected by actinomycin D and is only moderately inhibited by cycloheximide (Table 4 ).
This suggests that tryptophan activates the enzyme in either species by a mechanism in which the synthesis of mRNA and/or protein does not play a major role. The tryptophan enhancement of the guinea-pig (Badawy & Evans, 1974) or hamster (Table 4) enzyme is, however, blocked by allopurinol. This drug is a specific inhibitor of apoenzyme activation in the rat, where it also prevents the tryptophan activation of the pyrrolase (Badawy & Evans, 1973) . A similar effect in the guinea pig or golden hamster therefore suggests that tryptophan activates the pyrrolase in these species by promoting the rapid conjugation with haem of a normally undetectable (Table 1) form of apo-(tryptophan pyrrolase). Moreover, the rapidity of this effect (Fig. 1) suggests that this form may be released from a latent condition rather than being either synthesized or activated by a mechanism similar to that in rat liver. The latter requires 1-2h before an appreciable increase in the enzyme activity can be demonstrated (Badawy & Evans, 1975c) . Also, large doses of typtophan do not cause an early activation of the rat liver enzyme, whereas smaller doses do so in the frog, guinea pig and golden hamster (Fig. 2) . This early effect of tryptophan requires further investigation.
Concentrations of tryptophan in liver and serum and tryptophan binding to serum proteins in various animal species
Tryptophan is the only circulating amino acid that is protein-bound (McMenamy et al., 1957) . The results in Table 5 show that such binding occurs in various animal species, with frog (cold-blooded) serum exhibiting the least binding. Similar findings have already been reported (Fuller & Roush, 1973) . Our studies (Table 5) show a distinction between species lacking apo-(tryptophan pyrrolase) and those possessing it. The concentrations of tryptophan in livers and sera of the former species are 43-51 % lower than in species possessing the apoenzyme. Similar conclusions about serum tryptophan concentrations can be drawn from the data of Fuller & Roush (1973) . The extent of binding of tryptophan to serum proteins does not differ between the two groups ofspecies (the value in the frog is exceptionally low). The reason(s) why liver and serum tryptophan concentrations are lower in species lacking the apoenzyme is not clear at present. However, factors such as the nature of tryptophan pyrrolase or the dietary habits of these species (except the cat, which is carnivorous) may be involved.
The low serum total tryptophan concentrations in these species may explain the inability of salicylate or ethanol to activate the pyrrolase in guinea pig (Badawy & Evans, 1974) and golden hamster (Table 3) . These drugs (ethanol acting via nonesterified fatty acids) activate the rat liver enzyme by displacing tryptophan from its binding sites on serum proteins (Badawy & Smith, 1971 Badawy & Evans, 1975b) , and a possible explanation for their ineffectiveness in the former two species is that the binding sites on serum proteins are not sufficiently saturated to allow tryptophan displacement. A similar situation has been proposed in the rat (Badawy & Smith, 1972) , where a non-activating dose of salicylate (200mg/kg) renders a similarly inactive dose of tryptophan (50mg/kg) capable of activating tryptophan pyrrolase. The absence of activation of the guinea-pig (Badawy & Evans, 1974) or golden-hamster (Table 3) enzyme by 5-aminolaevulinate, which increases the haem saturation of the rat liver apoenzyme (Badawy & Evans, 1975c) , may simply be explained by the absence of the apoenzyme from the former two species. It also suggests that the cofactor mechanism of activation of the pyrrolase may be absent from guinea-pig and hamster livers.
The combined injection of tryptophan plus cortisol produces an additive effect on rat liver tryptophan pyrrolase activity, because the two agents act by different mechanisms (see, e.g., Badawy & Evans, 1975c) . The absence of an additive effect of such a combined injection in the cat (Leklem et al., 1969) , gerbil (Baughman & Franz, 1971) or golden hamster (Table 3 ) excludes the possibility that the absence of the hormonal induction mechanism is due to low liver tryptophan concentrations in these species (Table 5) .
Importance of choice of animal species as models for studying human tryptophan metabolism Species from which apo-(tryptophan pyrrolase) and the hormonal induction mechanism are absent metabolize tryptophan differently from those possessing both aspects. Thus tryptophan is metabolized in cattle largely via the indolylamine routes (Yang & Carlson, 1972) , whereas man metabolizes the amino acid mainly by the kynurenine pathway (see, e.g., Hankes etal., 1967) . The cat excretes more unchanged tryptophan and less kynurenine metabolites than does the rat (Leklem et al., 1969) . Gerbil brain 5- hydroxytryptamine synthesis and turnover are not decreased by administration of cortisol, whereas the opposite is true in the rat (Green et al., 1975) . These findings therefore suggest that species lacking apo-(tryptophan pyrrolase) or its hormonal induction mechanism are not suitable as models for studying human tryptophan metabolism. They may, however, be useful, as the findings by Green et al. (1975) show, to test certain aspects of tryptophan metabolism, particularly the inverse relationship between tryptophan pyrrolase activity and brain 5-hydroxytryptamine synthesis. Also, since the haem (cofactor) mechanism of pyrrolase activation may be absent from these species (see above), they should not be used to examine tryptophan metabolism in relation to porphyria (see Badawy & Evans, 1975c) , although they could serve as tools for excluding tryptophan pyrrolase from playing a part in the overall utilization of haem by liver haem proteins.
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Relationship between apo-(tryptophan pyrrolase) and the toxicity of tryptophan, and possible implications in veterinary and human neonatal care The results discussed so far establish an association between the absence of apo-(tryptophan pyrrolase), the absence of the hormonal induction mechanism, the low serum and liver tryptophan concentrations and also the limited metabolism of tryptophan by the kynurenine pathway in certain animal species. We now suggest that the above aspects may be related to death or toxicity symptoms resulting from tryptophan administration into these same species (seethe textfor frog and hamster, and theintroduction for other species). It, however, remains to be seen whether the cat or rabbit is sensitive to the toxicity of tryptophan, and whether the catfish or rabbit lacks the apoenzyme or the hormonal induction mechanism respectively. The excessive metabolism of exogenous tryptophan by the indole routes, presumably because of the limited kynurenine pathway, may be the cause of such toxicity. 5-Hydroxytryptamine could be implicated (Johnson & Dyer, 1966; Horita & Carino, 1970) , although other indole derivatives may also be involved (Yang & Carlson, 1972) .
The conclusions of the present paper may have important implications in relation to veterinary and human neonatal care. The sensitivity ofthe above species (which include farm animals and pets) to the toxicity of tryptophan stresses the need to protect such animals against tryptophan-rich feeds or diets or treatments that could further limit the capacity of the already deficient kynurenine pathway.
As regards neonatal care, the development of tryptophan pyrrolase in species lacking the apoenzyme is different from that in those possessing it. Thus, whereas the enzyme fully develops on the first day oflife ofthe guinea pig (Nemeth & Nachmias, 1958) or rabbit (Nemeth, 1959) , its activity is low in the newborn infant (Auricchio et al., 1959) and appears in the rat on approximately the twelfth postnatal day (Auerbach & Waisman, 1959) . The newborn-rat liver enzyme exists only as holoenzyme (Greengard & Feigelson, 1963) and its development cannot be hastened by the administration ofcortisone or tryptophan (Knox & Greengard, 1965) . The development of the human liver enzyme has not been studied, but, if man resembles rat (by belonging to the group of species possessing the apoenzyme), it is possible that the neonatal development of his pyrrolase may be subject to the same conditions. Moreover, newborn-infant serum may resemble that of newborn rat in binding very little tryptophan (Bourgoin et al., 1974) . Thus the deficiency of tryptophan pyrrolase and the possible weak binding of tryptophan to serum proteins may render the newborn infant vulnerable to the toxicity of tryptophan. Various constituents of baby foods and/or milk have been implicated in sudden deaths or other complications, but the possibility remains that these conditions may involve a toxic action by tryptophan.
